ABSTRACT The carcass yield, physical characteristics, and proximate composition of Egyptian geese (Alopochen aegyptiacus), a southern African gamebird species, have been studied. A total of 69 geese were harvested during 2 seasons: summer (n = 36) and winter (n = 33). This total group of geese consisted of 27 female birds and 42 male birds. Sex alone affected (P ≤ 0.05) the live and carcass weights, and the average muscle weight (g) of each portion was higher for the male fowl. The data does not indicate differences between the meat's physical characteristics on account of sex; however, the meat from the female birds did have a higher intramuscular fat content. Season (winter vs. summer) did not influence the average muscle weights (g) of the breast, thigh, and drumstick portions, but the intramuscular fat content content of the birds hunted in winter was higher. Muscle color and pH differed as a result of season with the summer meat having a higher pH and more vivid red color compared with winter. The physical characteristics and the proximate composition of the breast, thigh, and drumstick portions varied considerably. This is essentially connected to a difference in physical activity of the muscles in the portions. Overall, this study revealed that to ensure a consistent eating quality the harvesting periods of Egyptian geese should be considered.
INTRODUCTION
The gamebird industry and wingshooting are becoming increasingly popular in South Africa, and the Egyptian goose (Alopochen aegyptiacus) is considered to be one of the leading gamebird species hunted (Viljoen, 2005; Geldenhuys et al., 2013) . Egyptian goose meat is consumed regularly in South Africa by farmers and people in rural and farming communities. Crop farmers in the Western Cape, South Africa, also consider Egyptian geese to be very serious agricultural pests, causing a negative impact on the agricultural economy of this region Crowe, 2001, 2002) . Mangnall and Crowe (2002) estimated the total financial losses in 1997 in the Agulhas Plain region (500 km 2 ) of the Western Cape, South Africa, to be R385,000 (9.86 R = $1 US). Wingshooting has been recommended to reduce the damage caused by the geese. For this reason, utilization of the meat is vital. Because of the current absence of available scientific literature, it is essential to investigate the meat quality of this waterfowl species (Geldenhuys et al., 2013) . Information regarding the carcass yield, physical characteristics, and proximate composition of Egyptian geese will give insight into the chemical composition and nutritional value, as well as the economic potential of the meat from this species.
The Egyptian goose is the second largest waterfowl species found in South Africa (Viljoen, 2005) . The average live weight of adult Egyptian geese is estimated to be 2.35 kg for male fowl, whereas the females are slightly smaller at 1.87 kg (Viljoen, 2005) . Kamar (1962) reported that when Egyptian geese are raised within a domesticated environment they have an average weight of approximately 2.6 and 3.2 kg at 6 and 12 mo of age, respectively. This waterfowl species is also large compared with other gamebirds such as the guineafowl (1.1-1.2 kg; Mareko et al., 2006; Hoffman and Thlong, 2012) and wild pheasants (0.9-1.3 kg; Hofbauer and Smulders, 2011) . The typical weight of domestic waterfowl species is somewhat different than that of wildfowl. For instance, Mule ducks already have an average live weight of 4.5 kg (males) and 4.3 kg (females) at an age of 13 wk (Baeza et al., 2000) . This is similar for Muscovy ducks, with the males having an average weight of 4.6 kg and the females 2.9 kg (Baeza et al., 1998) .
Because Egyptian geese are monogastric fowl, their diet is expected to be a major influential factor in terms of the meat quality. The diet of Egyptian geese mainly consists of grass or forage-based material of which seedlings and growing crops form a large part of their intake (Halse, 1984; Viljoen, 2005) . However, in early summer, during the South African grain harvesting period (November), Egyptian geese travel inland to forage on grain seeds found on croplands. Kokoszynski et al. (2008) found that supplementing the diet of farmed game pheasants with whole grains resulted in increased body, carcass, and portion weights. This alteration in the diet may therefore have an effect on the overall meat quality (i.e., the carcass yield), as well as the proximate composition of the meat. The grain-based diet is high in energy compared with the more forage-based diet, and it can be assumed that this change in diet may result in an increased body and muscle weight, as well as a difference in the chemical composition, especially the intramuscular fat content (IMF) of the meat.
It is also essential to consider the effect of the breeding season on the carcass yield and compositional characteristics of the meat. Breeding of Egyptian geese occurs throughout the year but peaks during the months of August to November (late winter to early summer; Maclean, 1997; Viljoen, 2005) ; however, in the SouthWestern Cape Province breeding occurs mainly during August to October (Maclean, 1997) . Hofbauer et al. (2010) emphasize that female wild pheasants have a 15 to 40% reduced live weight compared with that of their male counterparts. It is also well known that the meat from females tends to have a higher IMF content (Lawrie and Ledward, 2006) . This indicates that sex may be an influential factor regarding the production and meat yield of gamebirds; this aspect therefore requires investigation.
Age is known to affect the meat quality of animals (Lawrie and Ledward, 2006) . Baeza et al. (1998) and Kokoszynski et al. (2011) found that the BW of domestically raised fowl are significantly influenced by age. Egyptian geese are gamebirds; therefore, determination of the specific age is difficult due to the limited literature available. Egyptian geese have the appearance of an adult after the first basic plumage (Clancey, 1967) ; as a result it is only possible to distinguish between adults, juveniles, and ducklings. This makes the determination of the specific age of Egyptian geese almost impossible; consequently, the effect of age on meat quality cannot be quantified.
Variation in the meat quality is not only found as a result of diet, sex, and age but also within the commercial portions (breast, thigh, and drumstick) of a carcass. This tendency is closely related to the type of physical activity of the respective muscle groups in the live bird. Because Egyptian geese are very active waterfowl, their movements are not only restricted to walking, but also include running, swimming, diving, and flying. This is very different from the activities of terrestrial gamebirds (guineafowl) and domestic fowl.
It can thus be expected that the different portions will have different physical and chemical characteristics.
This study was therefore aimed at determining the effect of season (diet) and sex on the carcass yield, physical characteristics (pH and color), and proximate composition of Egyptian goose meat. The variation of these attributes within the 3 commercial portions will also be investigated. This will not only give insight into the optimum harvesting period but will also indicate whether season, sex, and portion have a significant effect on these aspects of meat quality.
MATERIALS AND METHODS

Slaughter
Egyptian geese were killed on the University of Stellenbosch's agricultural experimental farm, Mariendahl (ethical clearance reference number: 10NP_HOF01). The method of wingshooting was used to kill these waterfowl with double-barreled shotguns. A total of 36 mature geese were killed during the month of July (winter) 2010. This group consisted of 14 females and 22 males. During November (summer) 2010, an additional 33 mature geese, which included 13 female and 20 male geese, were harvested. The geese were collected in the field and refrigerated (4°C) for approximately 12 h before further processing. Because it is impossible to determine the sex of these birds from their external appearance, especially when flying, the numbers per sex were unbalanced because the birds were shot randomly.
Slaughtering and Deboning
Slaughtering of the geese (winter and summer) took place in the meat science laboratory of Stellenbosch University. The slaughter procedures were carried out manually. First, the head was removed at the base position between the C1 and C2 vertebrae. Then both of the feet were removed at the ankle joint (intertarsal joint) together with the removal of the tip of each wing from the wrist region (carpal joint). Skinning of the geese involved making an incision from the neck to the tail region on the ventral side of the body, followed by the removal of the skin containing the feathers from the body. The geese were then eviscerated by means of an incision in the abdominal muscles. After the slaughtering process, the dressed carcasses were hung overnight (±24 h) in a refrigerated area (4°C). Next, the neck was removed at the base of the junction between the neck and body (shoulder region) and the carcasses were halved by means of a portioning machine. The right side of each carcass was vacuum-packed separately, whereas the left sides of the carcasses were used within this study. Portioning of the halved left sides of the carcasses into the breast, thigh, and drumstick followed. A cut was made at the knee joint to remove the drumstick (containing the M. gastrocnemius, M. peronaeus longus, M. flexor perforans) from the thigh; another cut was made at the junction between the thigh and the postdorsal region of the carcass to remove the thigh (containing the M. iliotibialis, M. semitendinosus, M. semimembranosus, M. biceps femoris, and M. sartorius) at the hip joint from the backbone. The M. pectoralis and M. supracoracoideus attached to the sternum and the clavicle were removed from the breast region of the carcass by cutting through the shoulder joint and around the M. pectoralis on the lateral side to detach the breast from the carcass. The 3 portions were weighed and then deboned by removing the fibula and tibiotarsus from the drumstick, femur from the thigh, as well as the sternum and clavicle from the breast. Subsequently, each portion was weighed, and the physical measurements (pH and Commission Internationale d'Eclairage L* a* b* color) were completed and each portion was packaged separately for the proximate analyses of this study. The meat samples were all frozen and stored at −18°C until the chemical analyses were performed (approximately 6 mo of storage time for the samples obtained in the winter and 2 mo for the samples obtained in the summer).
Carcass Yield
Live Weight, Carcass Weight, and Dressing Percentage. The live weights of each of the geese (winter and summer) were recorded before the slaughtering process commenced. After slaughtering, the dressed carcasses were hung for approximately 24 h. Next, the weights of the individual carcasses (after the neck was removed) were recorded. The dressing percentage of each individual goose was determined by calculating the dressed carcass weight as a percentage of the live weight.
Portion Yield. Following the portioning process into the breast, thigh, and drumstick, the weights of the 3 portions (bone intact) of each individual goose (winter and summer) were recorded. The portions were deboned, and the muscle and the bone of each portion were then weighed individually. The muscle of each portion was calculated as a percentage of the carcass, as well as a percentage of the intact portion. The average total muscle weight of the 3 respective portions was also determined.
Physical Measurements
pH. The pH u (48 h postmortem) of the breast, thigh, and drumstick of each of the individual geese (July and November) were recorded 48 h postmortem. The pH of the thigh and drumstick portions was measured in the M. iliotibialis and the M. gastrocnemius, respectively, whereas the pH of the breast (M. pectoralis) was measured in the center of the muscle. The pH was measured by means of a Crison pH25 handheld portable pH meter (Lasec Pty. Ltd., Cape Town, South Africa) calibrated with the standard buffers (pH 4.0 and pH 7.0) provided by the manufacturer.
Color. The instrumental color measurements were taken 48 h postmortem, at 3 randomly selected positions on each of the 3 respective portions from winter and summer, according to the method described by Honikel (1998) . The color measurements of the breast muscle were performed on a cut of meat (2 cm), removed from the middle of the portion, across the fiber direction. The color of the thigh and drumstick was measured on the inside of the deboned meat portion. The color was recorded using a color guide 45°/0° colorimeter (catalog no: 6805, BYK-Gardner, Columbia, MD) to establish the L*, a*, and b* values, with L* indicating the lightness, a* the red-green range, and b* the blue-yellow range. The hue angle (h ab ; °) and chroma value (C*) were calculated using the a* and b* values and the following equations:
Proximate Analysis
Proximate analysis was performed on a homogenized meat sample (skin and subcutaneous fat removed) from the breast, thigh, and drumstick portions, respectively. This was done for each of the geese (winter and summer). The moisture content (%) was determined according to method 934.01 (AOAC International, 2002a) and the ash content (%) of the moisture-free sample was determined by the method 942.05 (AOAC International, 2002b) . The chloroform/methanol (1:2 vol/vol) extraction method stipulated by Lee et al. (1996) was used to determine the total lipid (%; IMF) of the raw meat sample. To establish the total CP content (%), the Dumas combustion method 992.15 (AOAC International, 2002c) was applied. All proximate analyses in our analytical laboratory are controlled by a National Inter-laboratory Scheme (AgriLASA: Agricultural Laboratory Association of South Africa) where blind samples are analyzed once every 3 mo to control and ensure the accuracy and repeatability of the procedures used.
Statistical Analysis
The carcass yield determination involved the main effects; season and sex, as well as the interaction between the two. The experiment thus consisted of 4 treatments (2 seasons × 2 sexes) with approximately 36 replicates for each season and sex. The model for the carcass yield design is indicated by y ij = µ + s i + s j + (sg) ij + ε ij .
The terms within the model are defined as the overall mean (µ), the effect of season (s i ), the effect of sex (s j ), the effect of the interaction (ss) ij , and ε ij , the error as-sociated with the effect of season and sex, as well as the interaction between the former and latter.
The analysis of the portion (muscle) as a percentage of the intact portion, physical (pH and color), and proximate data required the use of a split-plot design. The carcasses were randomly selected for season and sex. Each of the carcasses was considered as one experimental unit, and every carcass was further divided into the 3 different portions (breast, thigh, and drumstick). Portion was therefore a subplot factor. The model for the split-plot design is indicated by y ij = µ + s i + s j + (ss) ij + η ij + p k + sp ik + sp jk + ssp ijk + ε ijk .
The terms within the model are defined as the overall mean (µ), the effect of season (s i ), the effect of sex (s j ), the effect of the interaction (ss) ij , and η ij is the error associated with the effect of the whole plot. The effect of portion forms the subplot (p k ), followed by the interactions between season and portion (sp ik ), sex and portion (sp jk ), and season, sex, and portion (ssp ijk ), whereas ε ijk indicates the error of the subplot.
All of the data were subjected to an ANOVA. The Shapiro-Wilk test was performed to test for normality (Shapiro and Wilk, 1965) . All of the outliers were identified and removed before the final analysis. The t-least significant differences were calculated at a 5% significance level. Results were defined as being not significant at P > 0.05 and significant at P ≤ 0.05. The SAS statistical software (Statistical Analysis System, version 9.2, SAS Institute Inc., Cary, NC) was used for the ANOVA.
RESULTS
Carcass Yield
Because there were no significant interactions, the main effects (sex and season) will be discussed in detail. The carcass yield results are represented in Table  1 . The live and carcass weights of the geese were significantly different between the 2 sexes; both of these weights were higher (P ≤ 0.05) in the male fowl. The dressing percentage, however, did not differ (P > 0.05) between sexes. The average weight (g) of the breast, thigh, and drumstick was higher (P ≤ 0.05) for the male fowl. The portion (muscle) as a percentage of the carcass and portion (muscle) as a percentage of the intact portion were not affected (P > 0.05) by sex.
The live and dressed carcass weight, as well as the dressing percentage, were not affected (P > 0.05) by season. The average portion muscle weight were also similar (P > 0.05) in terms of season. With regard to the muscle as a percentage of the intact portion, the breast and drumstick consisted of more (P ≤ 0.05) muscle in winter. The thigh did not differ (P > 0.05) as a result of season for the latter. 
Physical Characteristics
The results of the physical characteristics (color and pH) as indicated in Table 2 were significantly affected by season. The L*, a*, b*, and chroma values of the meat from the summer geese were higher (P ≤ 0.05) compared with those of winter, which indicated a higher (P ≤ 0.05) hue value. The pH was also higher (P ≤ 0.05) in the summer meat.
The color and pH values within the different portions also varied. The results show that the thigh was the portion with the lightest color, indicated by the higher (P ≤ 0.05) L* value, in contrast to the much darker breast portion indicated by the lowest (P ≤ 0.05) L* value. The thigh also had a higher (P ≤ 0.05) a* value (red color) and b* value (yellow color) than the breast and the drumstick; the latter 2 portions did not differ (P > 0.05) from each other. Similarly, the hue and chroma values were higher (P ≤ 0.05) in the thigh compared with the other portions, whereas the breast and the thigh did not (P > 0.05) differ from each other. The pH of the thigh and drumstick portions was higher (P ≤ 0.05) than that of the breast. Sex was not a significant factor (P > 0.05) in terms of the color or pH of the meat.
Proximate Composition
The proximate composition as affected by season, sex, and portion is presented in Table 3 . Only season had an effect (P ≤ 0.05) on the protein and IMF content. The meat from summer had a higher (P ≤ 0.05) protein content compared with that from winter, with the latter having a higher (P ≤ 0.05) IMF content. No differences (P > 0.05) in terms of season were found within the moisture and ash contents.
The moisture and IMF contents of the meat were significantly influenced by sex. The meat from the male fowl had a higher (P ≤ 0.05) moisture content, whereas that of the females had a higher (P ≤ 0.05) fat content.
It is evident that the proximate composition of the different portions varied. The moisture content within each of the respective portions differed (P ≤ 0.05). The drumstick had the highest moisture percentage, 
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CARCASS CHARACTERISTICS OF EGYPTIAN GOOSE MEAT followed by the breast and then the thigh with the lowest percentage. The protein content of the breast and drumstick was higher (P ≤ 0.05) than that of the thigh. The breast and the thigh portions indicated the highest (P ≤ 0.05) percentages of IMF. With regard to the ash content, the mean percentages of each portion were significantly different. The breast was the portion with the highest (P ≤ 0.05) ash content and the thigh had the lowest (P ≤ 0.05) percentage of ash.
DISCUSSION
Carcass Yield
Even though it was expected that the carcass yield of Egyptian geese would be influenced by both season and sex, only sex significantly affected the live and carcass weight of Egyptian geese. Similar results have been found in ungulate game species (Hoffman, 2000) but also in wild gamebirds such as pheasants (Hofbauer et al., 2010) and bobwhite quails (Ballard et al., 1994) . This trend is not only evident in the live and carcass weight of the geese but can also be seen in the average muscle weight (g) of the various portions (Table 1) . The somewhat higher SD values for the live weights may have been confounded by a possible variation in the age of the birds. However, it is more likely that this SD is typical of a species that has had no artificial selection pressures applied because similar results have been reported for SD values regarding the weight characteristics of wild ungulates (Hoffman et al., 2009) .
If the carcass characteristics are considered in a more detailed manner (Table 1) , season does have an influence. This is apparent in Table 1b , which illustrates that the muscle of each portion as a percentage of the dressed carcass was significantly higher in July (winter). July is the month before the peak breeding period. The body condition of wild birds, especially females, is known to be influenced by the different stages of breeding (Raveling, 1979; Reinecke et al., 1982) . This suggests that by the end of July the females were in an excellent condition, with high amounts of stored energy, because provision for the breeding period had been made. Throughout this breeding period, the energy reserves of the female geese will be depleted. It is important to note that, due to courtship and attending to their mates during egg laying and incubation, male birds also experience substantial losses in body reserves during the breeding season (Hohman, 1986) . However, by the end of October or early November (summer), the geese start to feed on grain seeds during the harvesting season; the harvesting season of wheat usually peaks around November in South Africa. These grains are very high in energy and the body reserves of the geese will therefore be gradually restored. In our study, the summer harvesting of the geese occurred in early November, and at that stage the reserves had not yet been restored on an intramuscular level, resulting in a lower muscle yield. This theory should also apply to the muscle as a percentage of the intact portion (Table  1) . These results in terms of the breast and drumstick portions do correspond as the percentage muscle were higher (P ≤ 0.05) in winter, although the thigh was not affected (P > 0.05). Although this is a valid theory, the fact that there were no differences between the average muscle weights of winter and summer (Table 1) create uncertainty regarding this concept. It was therefore necessary to investigate the bone weights because this seemed to be the only other factor that could have been involved in the lower portion muscle yield in summer (Table 1 ). In fact, the weights (g) of the breast (65.9 vs. 29.9) and drumstick (24.8 vs. 18.7) bones were higher (P ≤ 0.05) in summer but the weight of the thigh (10.8 vs. 9.6) bone was higher (P ≤ 0.05) in winter. These findings may be linked to the changes that occur in the bone biology of female fowl before and during egg laying, where medullary bone is produced rather than structural bone (Whitehead, 2004) . This change in the bone structure is due to the reproductive requirements of calcium for eggshell production because the medullary bone, particularly those present in the leg bones, provides the extra calcium necessary (Whitehead, 2004) . Larison et al. (2001) investigated the mineral sequestration in the leg bones of female White-Tailed Ptarmigan and found that the bone mineral density, as well as the calcium content of the leg bones, rapidly increased several weeks before egg laying, resulting in a 70% higher bone mineral density in prelaying birds. It can thus be assumed that the thigh bones (femur) of the female Egyptian geese in this study underwent the same process, and this could possibly clarify the higher mass of the thigh bone (femur) in July. This postulation, together with the results of the bone weights, corresponds with the results regarding the percentage muscle of the intact portion (Table 1 ) and explains the fact that no difference was found between the average muscle weights of the July and November portions (Table 1) .
Our findings show that seasonality may only have a significant economic impact if the carcasses are sold as an entity. Perhaps a more viable option would be to only provide deboned portions of Egyptian geese. The data do, however, also show that sex may be of greater influence and will create more variation within the carcass characteristics. It is virtually impossible to determine sex while shooting; therefore, sex will be a difficult aspect to control.
Physical Characteristics
Sex was not a significant factor regarding the physical characteristics (i.e., color and pH of the muscles), which is usually more influenced by seasonality and different portions, as well as stress factors. The results (Table 2) indicate that, in terms of the seasonal effect, the meat from the geese hunted in summer was lighter (P ≤ 0.05) and more yellow (P ≤ 0.05) compared with that of winter. It is possible that the high L* value of the meat can be connected to the grain-based diet in November. It is known that fat particles, with a high melting point (more saturated), clustered together, appear to be whiter than fat with a lower melting point (more unsaturated; Wood et al., 2004) . Studies have also shown that the subcutaneous and IMF of grassfed beef become whiter when the feed intake becomes grain-based (Forrest, 1981; Strachan et al., 1993; French et al., 2000) . Fat color is also correlated to the carotenoid content of the forage and animals that feed on grass-based diets generally have higher levels of this compound present in their fat, which results in a more yellow and less white color. The a* and b* values of the meat from November did not correlate well with this theory, but when the hue angle and chroma value, which encompass both these values, are considered, the November meat had a much more vivid, red color as opposed to the July meat, which was more yellow. The color profile is also related to the pH u , which was significantly higher in November. This suggests that the geese may have been more active during the summer period as they forage to rebuild body condition after the breeding season/winter, resulting in an increased myoglobin content and red-colored meat (Lawrie and Ledward, 2006) .
The instrumental color results also revealed that the breast and drumstick portions differed from the thigh, which was lighter (higher L* value) and less red in color (higher hue angle); however, the red color was more vivid (higher chroma value). The lighter color may be related to the higher (P ≤ 0.05) IMF content (Table 3) . Priolo et al. (2001) explains that fat is lighter in color compared with muscle and therefore contributes to a higher L* value. The lighter color can also be correlated to the composition of the muscle fiber types; waterfowl species use the leg muscles for walking, swimming, and diving and it therefore consists of a combination of type I (red, slow, oxidative), type IIb (red, fast, oxidativeglycolytic), and type IIa (white, fast, glycolytic) fibers (Turner and Butler, 1988; Butler, 1991) . The higher IMF content together with the high a* value suggests that the thigh consisted of a greater proportion of type I, red, oxidative fibers because muscles predominantly containing these fibers store fat rather than glycogen for energy metabolism (Wood et al., 2004; Lawrie and Ledward, 2006) . Although the thigh portion had a higher hue angle (less red), the a* value was significantly higher than that of both the breast and the drumstick. This may be clarified by the correspondingly high b* value (yellow color) due to the increased fat content, the latter being responsible for the higher hue angle. The high a* value together with the higher pH of the thigh portion confirms that Egyptian geese walk more than fly, especially because the pH of the drumstick is also higher (P ≤ 0.05) than the breast.
The overall color of meat is a very important aspect of consumer acceptability and is used as an indication of quality (Troy and Kerry, 2010) . It is one of the first attributes recognized by the customer and is therefore critical in the decision-making process. A noteworthy aspect of Egyptian goose meat is the overall dark color because dark-colored meat is often unfavorable in terms of consumer preference (Von la Chevallerie, 1972 ). Another essential aspect is the uniformity of the meat; it should always have a consistent quality (Wiklund et al., 2003) . Although significant differences were found as a result of the season and portion effects, it is questionable whether these differences are substantial enough to be recognized by the average consumer.
Proximate Composition
The proximate composition (Table 3 ) was significantly influenced by season, sex, and portion. It appears as though the breeding period was responsible for the increased (P ≤ 0.05) IMF content of the meat harvested in July. The peak breeding period of Egyptian geese is between August and October in the Western Cape of South Africa. The body fat or energy levels of female wildfowl is highly influenced by the breeding period, and in the days preceding egg-laying these levels are very high because the geese have been preparing their body for the strain it will endure during this period (Raveling, 1979; Reinecke et al., 1982) . This is verified by the fact that female geese had an overall higher (P ≤ 0.05) IMF of 4.6% compared with that of males. However, it is also generally accepted that the muscle of female animals contains a higher IMF content (Lawrie and Ledward, 2006). The negative relationship that exists between the fat and moisture content of muscle is also found within the sex effect of this study in which the moisture content of the male muscles was higher (P ≤ 0.05) due to the lower (P ≤ 0.05) IMF present. This trend between IMF and moisture can also be seen in the proximate data of the various portions.
There is a higher incidence of IMF in the thigh and breast portions of Egyptian geese. The breast muscle (pectoralis) of Anseriformes is used during flying, which requires fast, sustained muscle contraction, and therefore consists of red, fast, oxidative-glycolytic fibers together with a small amount of fast, glycolytic fibers (George and Berger, 1966) . Muscle fibers with an oxidative metabolism have a higher IMF content because red, oxidative fibers use fat as an energy source during metabolism (Wood et al., 2004; Lawrie and Ledward, 2006) . A similar explanation applies to the thigh, which is composed of a combination of the 3 main fiber types, but these muscles are also used for postural activity, which indicates that slow, type I, oxidative fibers are present. However, anatomically the thigh portion may have more physical capacity to accommodate IMF deposition.
Even though the ash content was not affected by season and sex, it did differ (P ≤ 0.05) between portions with the breast muscle having the highest amount of ash. The ash content is an indication of the total amount of minerals present in muscle, and the quantity thereof can vary as a result of species differences, hormones, age, sex, region, and diet (Keeton and Eddy, 2004) . Additionally, Doornenbal and Murray (1981) found that the mineral concentration of beef varies considerably between different muscles. The variable ash contents of the breast, thigh, and drumstick portions of Egyptian geese may therefore be linked to the inherent muscle effect. Although, studies investigating terrestrial avian muscles have found contradictory results in terms of the ash content of the leg and breast muscles (Zarkadas et al., 1987; Hofbauer et al., 2010) . These studies reported that the leg muscles of pheasants and chickens were higher in ash compared with the breast muscles. It can therefore be postulated that the ability of Egyptian geese to fly long distances may somehow be involved in the higher ash content of the breast muscle. There is limited literature regarding this matter, and further research is necessary to confirm this theory.
The main concern in terms of the proximate composition is the fact that both season and sex have a significant influence on the IMF content of the meat. Variation in the IMF content will not only influence the sensory attributes such as flavor and tenderness, but also the nutritional value. It is therefore essential that these factors are kept constant to ensure a consistent eating quality.
Conclusions
This study revealed several factors that are important to consider regarding the potential commercial use of Egyptian goose meat. Sex affects the carcass characteristics and IMF content of the meat; these should be taken into account for economic and nutritional reasons, respectively. The main issue is seasonality because there are some differences in the quality of the meat from geese hunted during the summer and winter periods in South Africa. This particularly concerns the IMF content of the meat and selected physical parameters, but it is questionable whether the physical differences will be recognized by the average consumer. Even so, the results indicate that to ensure a consistent eating quality, the harvesting periods should be considered and kept constant.
